Purpose: The goal of this study was to ascertain the effect of changes in stress and speech rate on vowel coarticulation in vowel-consonant-vowel sequences. Method: Data on second formant coarticulatory effects as a function of changing /i/ versus /a/ were collected for five Catalan speakers' productions of vowel-consonantvowel sequences with the fixed vowels /i/ and /a/ and consonants: the approximant /δ/, the alveolopalatal nasal /ɲ /, and /l/, which in the Catalan language differs in darkness degree according to speaker. Results: In agreement with predictions formulated by the degree-of-articulation-constraint model of coarticulation, the size of the vowel coarticulatory effects was inversely related to the degree of articulatory constraint for the consonant, and the direction of those effects was mostly carryover or anticipatory in vowel-consonant-vowel sequences with highly constrained consonants (/ɲ/, dark /l/) and more variable whenever the intervocalic consonant was less constrained (/δ/, clear /l/). Stress and speech-rate variations had an effect on overall vowel duration, second formant frequency, and coarticulation size but not on the consonantspecific patterns of degree and direction of vowel coarticulation. Conclusion: These results indicate that prosodically induced coarticulatory changes conform to the basic principles of segmental coarticulatory organization. C onsecutive phonetic segments influence each other at the articulatory and acoustic level in the speech chain. These coarticulation effects occur, for example, between vowels and consonants in vowel-consonantvowel (VCV) sequences. The present study deals with the role that the segmental composition of a VCV sequence plays in the extent to which the first or second vowel (V1 or V2) affects the other two phonetic segments. Two major issues will be subject to investigation. First is the size of the vowel coarticulatory effects during the intervocalic consonant (V-to-C coarticulation) and the size and temporal extent of those effects during the transconsonantal vowel (V-to-V coarticulation). Thus, for example, coarticulation data show that V2 = /a/ may cause the tongue dorsum to lower during the preceding consonant and V1 = /i/ in the sequences /ipa/ and /ita/ and that these effects are larger and last longer in the former sequence than in the latter because /p/ involves no lingual activity, whereas /t/ does. The second major research topic is the direction of the vowel effects, namely, whether the V2-dependent anticipatory effects extending to the preceding consonant and transconsonantal V1 are more or less prominent than the V1-dependent carryover effects extending forward to the following consonant and transconsonantal V2. Thus, for example, although /a/ may cause the tongue dorsum to lower during preceding /t/ and V1 = /i/ in the sequence /ita/ and during following /t/ and V2 = /i/ in the sequence /ati/, the prominence of the former (anticipatory) and latter (carryover) tonguedorsum lowering effects may not be the same. The study of the direction of vowel coarticulation is of particular importance because it provides some insight into the cognitive and peripheral mechanisms involved in segmental production in running speech (Farnetani & Recasens, 2010; Grosvald, 2009; Guenther, 1995) . In particular, anticipatory effects have been taken to reflect segmental planning and carryover effects to depend mostly on inertia and the biomechanical characteristics of the vocal-tract articulators (Whalen, 1990) .
Purpose: The goal of this study was to ascertain the effect of changes in stress and speech rate on vowel coarticulation in vowel-consonant-vowel sequences. Method: Data on second formant coarticulatory effects as a function of changing /i/ versus /a/ were collected for five Catalan speakers' productions of vowel-consonantvowel sequences with the fixed vowels /i/ and /a/ and consonants: the approximant /δ/, the alveolopalatal nasal /ɲ /, and /l/, which in the Catalan language differs in darkness degree according to speaker. Results: In agreement with predictions formulated by the degree-of-articulation-constraint model of coarticulation, the size of the vowel coarticulatory effects was inversely related to the degree of articulatory constraint for the consonant, and the direction of those effects was mostly carryover or anticipatory in vowel-consonant-vowel sequences with highly constrained consonants (/ɲ/, dark /l/) and more variable whenever the intervocalic consonant was less constrained (/δ/, clear /l/). Stress and speech-rate variations had an effect on overall vowel duration, second formant frequency, and coarticulation size but not on the consonantspecific patterns of degree and direction of vowel coarticulation. Conclusion: These results indicate that prosodically induced coarticulatory changes conform to the basic principles of segmental coarticulatory organization. C onsecutive phonetic segments influence each other at the articulatory and acoustic level in the speech chain. These coarticulation effects occur, for example, between vowels and consonants in vowel-consonantvowel (VCV) sequences. The present study deals with the role that the segmental composition of a VCV sequence plays in the extent to which the first or second vowel (V1 or V2) affects the other two phonetic segments. Two major issues will be subject to investigation. First is the size of the vowel coarticulatory effects during the intervocalic consonant (V-to-C coarticulation) and the size and temporal extent of those effects during the transconsonantal vowel (V-to-V coarticulation). Thus, for example, coarticulation data show that V2 = /a/ may cause the tongue dorsum to lower during the preceding consonant and V1 = /i/ in the sequences /ipa/ and /ita/ and that these effects are larger and last longer in the former sequence than in the latter because /p/ involves no lingual activity, whereas /t/ does. The second major research topic is the direction of the vowel effects, namely, whether the V2-dependent anticipatory effects extending to the preceding consonant and transconsonantal V1 are more or less prominent than the V1-dependent carryover effects extending forward to the following consonant and transconsonantal V2. Thus, for example, although /a/ may cause the tongue dorsum to lower during preceding /t/ and V1 = /i/ in the sequence /ita/ and during following /t/ and V2 = /i/ in the sequence /ati/, the prominence of the former (anticipatory) and latter (carryover) tonguedorsum lowering effects may not be the same. The study of the direction of vowel coarticulation is of particular importance because it provides some insight into the cognitive and peripheral mechanisms involved in segmental production in running speech (Farnetani & Recasens, 2010; Grosvald, 2009; Guenther, 1995) . In particular, anticipatory effects have been taken to reflect segmental planning and carryover effects to depend mostly on inertia and the biomechanical characteristics of the vocal-tract articulators (Whalen, 1990) .
The present study analyzed these research issues using second formant second formant (F2) data on coarticulatory effects exerted by /i/ or /a/ (also referred to throughout as the changing vowel) in Catalan VCV sequences with three consonants-the alveolopalatal nasal /ɲ/, the alveolar lateral /l/ (which may vary from strongly dark to less dark or moderately clear according to speaker in present-day Catalan; Simonet, 2010) , and the dental approximant /δ/-and the transconsonantal vowels /i/ and /a/ (also referred to as the fixed vowel). In principle, F2 coarticulation should be positively correlated with tongue-dorsum coarticulation-that is, the higher and more anterior the tongue body, the higher the F2 frequency (Fant, 1960) . Anticipatory effects from V2 = /i/ versus /a/ will be measured in the sequence pairs /aCi/-/aCa/ and /iCa/-/iCi/, and carryover effects from V1 = /i/ versus /a/ will be analyzed in the sequence pairs /iCa/-/aCa/ and /aCi/-/iCi/. These sequence pairings allow an evaluation of essentially how much changing /i/ affects the consonant and fixed /a/ and how much changing /a/ affects the consonant and fixed /i/ (e.g., in pairs such as /aCi/-/aCa/ and /iCi/-/iCa/, respectively) along the two coarticulatory dimensions. Analysis results will be evaluated within the framework of the degree-of-articulatory-constraint (DAC) model of coarticulation (see Recasens, Pallarès, & Fontdevila, 1997) .
A novelty of the present investigation with respect to previous lingual coarticulation studies (for a summary, see Recasens, 1999 ) is elicitation of the extent to which changes in stress and speech rate affect the degree and direction of vowel coarticulation in VCV sequences that differ regarding segmental composition. It has been known for some time that mostly vowels, but also consonants, undergo articulatory undershoot and acoustic reduction in unstressed versus stressed position and in fast versus normal (also in normal vs. overarticulated) speech (Agwuele, Sussman, & Lindblom, 2008; Farnetani, 1990; Gay, 1978; Kent & Netsell, 1971; Moon & Lindblom, 1994 ; but see Mok, 2011 , for studies failing to report more vowel undershoot as speech rate increases). The general prediction is that, given that stressed vowels are produced with more prominent articulatory gestures than unstressed vowels, the former ought to exert more coarticulation on the latter in VCV sequences than vice versa. There is indeed supporting evidence in the literature that unstressed vowels are more sensitive than stressed vowels to V-to-V effects (Fowler, 1981; Magen, 1997; Yun, 2007 ; but see Cho, 2004) . Also in line with previous experimental evidence (Krull, 1989; Matthies, Perrier, Perkell, & Zandipour, 2001) , phonetic segments should be more reduced and more prone to coarticulate with other segments at faster versus slower speech rates and in less versus more formal speech.
The remainder of the introduction first describes how the articulatory constraints for the consonants and vowels subject to investigation in the present study affect the degree of vowel coarticulation and render vowel coarticulation more prominent at the anticipatory or carryover level in VCV sequences. It also deals with the effect of changes in stress and speech rate on the degree and direction of vowel coarticulation in the segmental conditions subject to analysis. A set of testing hypotheses about these research goals is summarized at the end of the introduction.
Degree of Coarticulation
The DAC model predicts that the extent to which vowels affect consonants in VCV sequences should vary inversely with the degree of tongue-dorsum constraint for the intervocalic consonant and, more specifically, with the extent to which the consonantal primary articulator is involved in the formation of a closure or a constriction. The model was formulated by Recasens et al. (1997) after several studies showing that the extent to which consonants resist coarticulation from adjacent vowels is positively conditioned by closure size or degree of constriction narrowing. Table 1 (top, second and third columns) indicates the predicted degrees of coarticulatory resistance to the vowel effects for the consonants under investigation in the present study and whether vowel effects should be exerted by /i/ rather than by /a/ or vice versa. The consonants /ɲ/ and dark /l/ are expected to exhibit the highest degree of tonguedorsum coarticulatory resistance and therefore to block vowel coarticulatory effects in F2 frequency to a large extent. This should be so because the two consonants impose strict demands on the tongue dorsum: active tongue-body raising and fronting toward the alveolopalatal zone in the case of /ɲ/ and some active tongue-predorsum lowering and postdorsum retraction, in addition to the formation of an apicoalveolar contact, in the case of dark /l/ (Proctor, 2009) . Moreover, vowel coarticulation is expected to be most prominent when the vowel is antagonistic to the consonant and thus makes the lingual constriction for the latter especially hard to achieve, namely in the case of the effects from /a/ on /ɲ/ (the tongue-dorsum position is low and back for /a/ and high and front for /ɲ/) and from /i/ on dark /l/ (the tongue dorsum occupies a high and front position for /i/ and a low and back position for dark /l/).
The approximant /δ/ and clear /l/, however, are less constrained because the tongue body is not actively controlled during their production and therefore ought to allow more vowel coarticulation than /ɲ/ and dark /l/. In addition, some more predorsum lowering for the passage of airflow through the sides of the oral cavity for clear /l/ versus /δ/ should cause the alveolar lateral to be somewhat more constrained and thus more resistant to vowel coarticulation than the dental approximant (on dental consonants involving possibly some front dorsum lowering as well, see Dart, 1991) . In this case, tongue-dorsum and F2 raising effects from /i/ are expected to be more prominent than tongue-dorsum and F2 lowering effects from /a/ because, as pointed out in the following, the former vowel exhibits a higher degree of tongue-body constraint than the latter.
The prominence of the vowel-dependent effects in VCV sequences ought to vary as a function of the transconsonantal vowel as well (see Table 1 , bottom, second and third columns). As reported for other languages (Cho, 2004; Mok, 2011) , these effects should be smaller when the fixed vowel is /i/ (most resistant) than when it is /a/ (least resistant). The rationale for this outcome is that, as predicted for /ɲ/, tongue-dorsum raising and fronting ought to render /i/ more constrained than /a/. In addition, effects on vowels ought to be more prominent if they are exerted by highly constrained consonants than by consonants that are less constrained, in particular if the vowel and consonant do not share the same or a similar articulatory configuration. Consequently, effects on /i/ ought to be exerted mostly by dark /l/ and those on /a/ by /ɲ/, whereas clear /l/ and /δ/ ought to cause less C-to-V coarticulation to occur.
In sum, I predict that vowel coarticulation ought to vary inversely with the degree of tongue-body constraint for the contextual phonetic segments as follows: for the intervocalic consonant in the progression /δ/ > clear /l/ > dark /l/ and /ɲ/ and for the transconsonantal vowel in the progression /a/ > /i/.
Coarticulatory Direction
The DAC model of coarticulation also makes specific predictions about whether vowel effects in VCV sequences should be anticipatory rather than carryover or vice versa (Recasens, 2007; Recasens et al., 1997) . According to the model, the extent to which vowel effects occur along one direction rather than the other depends on the directionality pattern of the C-to-V effects. Thus, for example, if the consonant exerts more carryover coarticulation on V2 than anticipation on V1, one would expect the vowel effects on the consonant and the transconsonantal vowel to be more prominent at the carryover than at the anticipatory level as well. This should be so because, in this particular case, there will be more blocking of the V2-dependent anticipatory effects (by C-to-V2 carryover) than of the V1-dependent carryover effects (by C-to-V1 anticipation). As a consequence, one must know whether effects from consonants on vowels favor the anticipatory or the carryover direction in order to predict which one of the two directions of vowel coarticulation will be favored in a given VCV sequence. As summarized in Table 1 (top, fourth and fifth columns), the following predictions may be made regarding the directionality of the consonant and vowel coarticulatory effects in VCV sequences with (a) highly constrained /ɲ/ and dark /l/ and (b) less constrained /δ/ and clear /l/:
1.
Data on C-to-V coarticulation reveal that /ɲ/ should exert carryover rather than anticipatory effects on vowels (mostly on antagonistic /a/) in line with the fact that the tongue-dorsum activity for the consonant is higher at closure offset and during V2 than at closure onset and during V1 (Recasens, 2007) . As for the vowel effects, tongue-dorsum and F2 lowering exerted primarily by /a/ ought to be more prominent at the carryover than at the anticipatory level, given that the (more prominent) C-to-V carryover effects should interfere with vowel anticipation to a larger extent than the (less prominent) C-to-V anticipatory effects interfere with vowel carryover. However, dark /l/ is expected to exert more C-to-V anticipation than C-to-V carryover (mostly on antagonistic /i/) because the lowering and retraction of the tongue body occurs in anticipation of the tongue front raising gesture for this consonant (Sproat & Fujimura, 1993) . Regarding vowel coarticulation, the tongue-dorsum and F2 raising effects exerted mostly by /i/ ought to operate at the anticipatory rather than the carryover level because now the C-to-V coarticulatory effects are mostly anticipatory and therefore should interfere with V1 rather than with V2.
2.
It is hard to make predictions about the direction of the vowel coarticulatory effects on the basis of the direction of the consonant-dependent effects in the case of VCV sequences with /δ/ and clear /l/, given that the production of the two dentoalveolars involves no active tongue-dorsum motion associated with the formation of a closure or constriction. In principle, and in parallel to effects exerted by other alveolopalatal segments such as /ɲ/, effects from /i/ rather than from /a/ should be greater at the carryover than at the anticipatory level. Moreover, these vowel effects ought to take place in VCV sequences with /δ/ rather than in those with clear /l/ because the need to lower the tongue predorsum somewhat in order to form lateral channels for the passage of airflow during the preceding vowel should already render the consonant and vowel anticipatory components especially salient (similarly to dark /l/).
In sum, VCV sequences ought to show less vowel coarticulation for /ɲ/ and dark /l/ than for /δ/ and clear /l/ in view of differences in degree of tongue-body involvement during consonant articulation. There ought to be clear-cut 
Stress and Speech Rate
In the present investigation, the predictions about degree and direction of vowel coarticulation in VCV sequences formulated by the DAC model were evaluated in Catalan VCV sequences bearing stress on V1 (′VCV) and on V2 (V′CV) and produced at normal and fast speaking rates.
Regarding coarticulation degree, vowel coarticulation effects induced by the presence versus absence of stress and by different speech rates were expected to be smaller for highly constrained consonants than for less constrained ones, the rationale being that the former ought to be more resistant to variations in closure or constriction degree than the latter. Thus, in comparison to /δ/ and to a large extent clear /l/, consonants subject to stricter articulatory requirements such as /ɲ/ and dark /l/ should be more resistant to different degrees of coarticulation that may arise when stress position and speech rate are subject to change.
As for the effect of stress on coarticulatory direction, American English data for VCV sequences with /b/, /d/, /g/, and several vowels indicate that V-to-V effects from stressed vowels onto unstressed vowels in VCV sequences occur at the carryover rather than the anticipatory level (Agwuele, 2004; Hertrich & Ackermann, 1995) . Within the DAC model framework, patterns of vowel coarticulatory direction in VCV sequences with highly constrained consonants were expected to be enhanced when stress falls on the vowel (V1 or V2) that triggers more coarticulation. If so, there ought to be an increase in vowel carryover coarticulation relative to vowel anticipation in VCV sequences with /ɲ/ when stress falls on V1 (/′VɲV/) compared with when it falls on the CV2 string (/V′ɲV/), and in vowel anticipation relative to vowel carryover in VCV sequences with dark /l/ when stress falls on CV2 (/V′lV/) compared with when it falls on V1 (/′VlV/). As for the more unconstrained dentoalveolars /δ/ and clear /l/, changes in stress position could yield more vowel carryover in /′VδV/ versus /V′δV/ sequences and more vowel anticipation or no preferred direction in /V′lV/ versus /′VlV/ sequences. Regarding the role of speech rate, the articulatory gesture for vowels and consonants could be anticipated to a larger extent as speakers speak faster, which should result in an increase of anticipation relative to carryover for both the consonantand the vowel-dependent effects in VCV sequences in general. This should be so because articulatory gestures for speech segments are typically anticipated in time, and this anticipatory activity is expected to become more prominent as undershoot causes the mechanico-inertial characteristics of the articulators to diminish at faster speech rates.
In sum, if coarticulatory direction is affected by changes in stress and speaking rate, the presence of stress in the crucial changing vowel ought to cause an increase in the degree of vowel anticipation vis-à-vis vowel carryover in VCV sequences with dark /l/ and the reverse for /ɲ/ and an increase in the preferred vowel coarticulatory direction in VCV sequences with /δ/ and clear /l/ (presumably in vowel carryover for the former consonant but not for the latter). However, there should be more consonant and vowel anticipation at faster versus slower speaking rates as a general rule.
Summary of Testing Hypotheses
The present study predicts that the degree and direction of coarticulation effects as a function of /i/ versus /a/ in VCV sequences ought to vary with the degree of tonguebody constraint for the intervocalic consonant and the fixed vowel. Vowel coarticulation should decrease in the progression /δ/ > /l/ > /ɲ/ (and for dark vs. clearer varieties of /l/) and for fixed /a/ more than for fixed /i/. Coarticulatory direction is expected to favor vowel carryover in /VɲV/ sequences and vowel anticipation in /VlV/ sequences with dark /l/ and perhaps carryover effects from /i/ in /VδV/ sequences, whereas effects for /VlV/ sequences with clear /l/ could favor vowel anticipation or neither direction. There should also be more vowel coarticulation from stressed versus unstressed vowels and in VCV sequences produced at fast versus normal speaking rates, and this increase ought to occur mostly when the intervocalic consonant is relatively unconstrained. Moreover, the preferred vowel coarticulatory direction could be enhanced when stress falls on the crucial changing vowel (e.g., on V1 in /VɲV/ sequences), and vowel anticipation ought to gain weight at fast versus normal speech rates irrespective of the segmental conditions involved.
Method

Speech Materials
Acoustic recordings were made of 10 tokens of the symmetrical and asymmetrical sequences /aCa/, /iCi/, /iCa/, and /aCi/, with the consonants /δ/, /ɲ/, and /l/ and the two stress conditions /′VCV/ and /V′CV/, where stress falls either on the first syllable and thus on V1 or else on the second syllable and thus on the CV2 string. These VCV sequences allow the study of vowel coarticulation over time in all symmetrical and asymmetrical combinations with changing and fixed /i/ and /a/.
VCV sequences were embedded in an [əβ__βə] string and thus were flanked by a voiced labial consonant (which happens to be an approximant if occurring intervocalically in Catalan), in order to maximize possible coarticulatory effects in lingual activity and thus in F2 frequency that may take place during the transconsonantal vowel. The nonsense [əβVCVβə] sequences were uttered in isolation in order to make sure that differences in vowel duration and intensity between the stressed and unstressed syllables in the /′VCV/ and /V′CV/ conditions would not be canceled, at least in part, in the case that one or more words with specific stress levels were placed before and after the target nonsense word.
Speakers and Recording Procedure
Five 40-to 60-year-old Catalan speakers (DR, AL, DP, CE, and LU) read the speech material 10 times at their normal speech rate and subsequently another 10 times at a fast speech rate. All five speakers are university or high school teachers and speak Catalan on a daily basis. Overall, 2,400 sequence tokens were recorded and submitted to analysis (3 Cs × 4 VCV combinations × 2 stress conditions × 2 speech rates × 10 tokens × 5 speakers). The small number of speakers renders this study a preliminary investigation about the effect of stress and speech rate on vowel coarticulation in VCV sequences, though this limitation is offset by the large number of data points that were subject to measurement.
Audio recordings were carried out at a 22050-Hz sampling rate in a soundproof room with a Rode NT1-A microphone and the CSL4500 (Computerized Speech Lab) system by Kay Pentax (Montvale, NJ). The acoustic signal was downsampled to 11025 Hz and analyzed with the CSL acoustic analysis software.
Acoustic Analysis
Because all the consonants (/δ/, /ɲ/, and /l/) under study have formant structure, VC and CV segmental boundaries were determined visually on spectrographic displays on the basis of a change in formant intensity levelthat is, formants are more intense for vowels than for approximants, laterals, and nasals-and on spectral discontinuity whenever available, as in the case of the /VɲV/ sequences. For each speech file, F2 frequency values were collected at C midpoint and at several temporal points during the vowel segments separately for V1 and V2: at vowel onset and offset; at vowel midpoint; at the midpoint between vowel onset and vowel midpoint; and at the midpoint between vowel midpoint and vowel offset. Frequency measurements were taken visually at these 11 time points on spectrographic displays by placing a cursor in the middle of F2. Figure 1 shows a spectrogram in which these points are coded with numbers 1 through 11. Overall, 26,400 measurements were taken (2,400 sequence tokens × 11 time points). This analysis method was preferred to the linear predictive coding peak-picking method, which, according to results from some pilot work, often yielded unsatisfactory frequency values whenever F2 was not clearly visible or exhibited a rapid spectral change. A reliability check was not carried out on the present data sample but was performed on F2 vowel measurements taken by the same experimenter in previous studies (Recasens & Espinosa, 2009 ). Some notion of the measurement precision can be gathered from the F2 data at the consonant midpoint reported in Table 2 , where coefficients of variation do not exceed 5% for about 90% of the F2 values and range between 5% and 10% for the remaining 10%. Special care was taken to place the cursor at the center of the formant in relatively fast vowel transitions and whenever F2 was hardly visible.
The sizes of the V2-dependent anticipatory effects in the sequence pairs /aCa/-/aCi/ and /iCi/-/iCa/ and of the V1-dependent carryover effects in the sequence pairs /aCa/-/iCa/ and /iCi/-/aCi/ were obtained by subtracting F2 for changing /a/ from F2 for changing /i/ at seven points in time: at the edge of the changing vowel (i.e., at V2 onset for vowel anticipation and at V1 offset for vowel carryover), at C midpoint, and at five equidistant points during the transconsonantal vowel (see Figure 1) . The reason why V2-and V1-dependent effects were measured at V2 onset and V1 offset, respectively, is to be found in the fact that the F2 frequency at those temporal points is strongly dependent not only on the vowel but on the intervocalic consonant as well. The sign of the difference had to be positive because F2 is at about 2000 Hz for /i/ and at about 1200-1500 Hz for /a/; as in previous studies (Recasens, 2002; Recasens et al., 1997) , negative values that occurred occasionally when F2 for /a/ exceeded F2 for /i/ during the consonant and/or the transconsonantal vowel were converted into 0 for statistical analysis.
Statistical Analysis
F2 differences between /i/ and /a/ were tested statistically with a repeated measures design using linear mixed models and five independent factors: Fixed Vowel (/a/, /i/), Consonant (/δ/, /ɲ/, /l/), Stress Condition for the changing vowel (stressed, unstressed), Coarticulatory Direction (anticipatory, carryover), and Speech Rate (normal, fast). Separate tests were run on the F2 differences between changing /i/ and /a/ at seven equivalent temporal points for evaluating anticipatory vowel coarticulation (e.g., the difference between V2 = /i/ and V2 = /a/ at V1 offset at Point 5) and carryover vowel coarticulation (e.g., the difference between V1 = /i/ and V1 = /a/ at V2 onset at Point 7). The temporal comparisons subject to statistical testing were as follows (see Figure 1 ):
Between V2 anticipatory effects at V2 onset (Point 7) and V1 carryover effects at V1 offset (Point 5) 2. Between V2 anticipatory effects and V1 carryover effects at C midpoint (Point 6) 3. Between V2 anticipatory effects at V1 offset (Point 5) and V1 carryover effects at V2 onset (Point 7)
4. Between V2 anticipatory effects at Point 4 and V1 carryover effects at Point 8
5.
Between V2 anticipatory effects at V1 midpoint (Point 3) and V1 carryover effects at V2 midpoint (Point 9)
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6.
Between V2 anticipatory effects at Point 2 and V1 carryover effects at Point 10 7. Between V2 anticipatory effects at V1 onset (Point 1) and V1 carryover effects at V2 offset (Point 11)
The statistical model included all main effects and two-and three-way interactions. Bonferroni post hoc tests were performed on those significant variables that had more than two levels, and simple effects tests were carried out on the significant factor interactions. A low threshold for significance was chosen in order to account for the application of multiple statistical tests on the temporal coarticulation data. Because seven comparisons were carried out, the Bonferroni correction requires that the p value be .007. Although significant effects are reported for p < .05, only those differences approaching the p < .001 level of significance are considered to be robust. Partial eta-squared (η p 2 ) values and thus a measure of the strength of the main effects and significant interactions will also be provided.
Additional repeated measures analyses were run on the data for the symmetrical sequences /iCi/ and /aCa/ in order to uncover differences in segmental duration and in F2 frequency triggered by changes in stress and speech rate. Two tests were performed on vowel duration and on the F2 frequency values at the vowel midpoint, with Stress (stressed, unstressed), Position of the stressed vowel (V1, V2), Vowel Quality (/i/, /a/), and Speaking Rate (normal, fast) as factors. Another analysis of variance was carried out on sentence duration, with Speaking Rate as the independent variable.
Results
Coarticulatory Resistance
A first goal of this study was to analyze the extent to which /δ/, /ɲ/, and /l/ exhibit the predicted degrees of coarticulatory resistance to vowel effects. In order to investigate this issue, Figure 2 plots the F2 frequency values at consonant midpoint for the three consonants in the symmetrical sequences /iCi/ and /aCa/ across stress and rate conditions, speakers, and tokens. According to the figure (see also Table 2 ) and in agreement with the initial predictions, coarticulatory resistance is minimal for /δ/, with F2 occurring at 1900-2000 Hz in the /i/ context and at 1200-1350 in the /a/ context. Except for speaker CE, the alveolopalatal /ɲ/, whose F2 frequency is about 2000 Hz or higher, is slightly more resistant than /l/-that is, the F2 difference between /i/ and /a/ is somewhat smaller for the nasal than for the lateral.
Differences in vowel coarticulation between /l/ and /ɲ/ may be related to variations in /l/ darkness degree among speakers. Darkness degree may be evaluated in the sequence /ili/, where the lingual gestures for the vowel and the consonant are more antagonistic if /l/ is dark than if it is clear. Thus, although /i/ is articulated with a high front tongue-body position, dark /l/-and much less so clear /l/ -is produced with a low predorsal and back postdorsal configuration. These articulatory characteristics ought to cause F2 to be about 2000 Hz for /i/, 1000-1300 Hz for dark /l/, and 1400-2000 Hz for clear /l/ and cause dark /l/ to be more resistant than clear /l/ to coarticulatory effects in tongue-body position and F2 frequency associated with the high front vowel. Data for /l/ in the sequence /ili/ plotted in Figure 2 show that darkness degree is higher for speakers DR, AL, and DP than for CE and LU (F2 for /l/ is at about 1250-1350 Hz for the three former subjects and about 1550 Hz for the two latter ones). Moreover, the expected positive relationship between coarticulatory resistance and darkness degree-that is, darker variants of /l/ should be more resistant to F2 differences from /i/ to /a/ than clearer variants of the consonant-holds only to some extent. As expected, coarticulatory resistance is higher for speakers DR, AL, and DP than for speaker LU (the F2 difference between /ili/ and /ala/ amounts to 200-350 Hz for the three former subjects and to 433 Hz for the latter). In disagreement with the expected positive relationship between darkness degree and coarticulatory resistance, however, /l/ exhibits comparable degrees of vowel coarticulation, or even less, in the case of speaker CE (182 Hz) than of speakers DR, AL, and DP (200-350 Hz). As the figure shows, this unexpected result appears to be related to the presence of a higher F2 for /l/ next to /a/ for this subject than for the other four speakers, presumably meaning that the tongue body is not pulled down much by the low vowel during the production of the alveolar lateral.
As a complement to these data on consonant coarticulatory resistance, Figure 3 presents the F2 trajectories for the symmetrical sequences /iCi/ and /aCa/ with all three consonants and stress falling on V1 and on V2 (normal speaking rate only). Less V-to-C coarticulation from /i/ on /l/ than on /δ/ at the midpoint of the consonant is consistent with the alveolar lateral exhibiting a much lower F2 target than the dental approximant in the sequence /iCi/; moreover, as pointed out already, a shorter-than-expected F2 distance between /ili/ and /ala/ for speaker CE is related to the entire F2 trajectory for /ala/ occurring at a higher frequency for this speaker than for the other four. As for the VCV sequences with /ɲ/, the alveolopalatal nasal exhibits an F2 peak when flanked by /a/ (/aɲa/), which comes close to the F2 frequency for the consonant in the context of /i/ (/iɲi/); the peak in question may occur at about closure midpoint (for speakers AL and DP) or toward closure offset (for speakers DR, CE, and LU), depending presumably on the point in time when maximal linguopalatal contact takes place. An aspect worth noting is the extremely high F2 frequency for the consonant and the two vowels in speaker AL's productions of the sequence /iɲi/, which suggests that articulatory overshoot-that is, a considerable F2 increase whenever the VCV sequence is composed of several alveolopalatal segments in succession-is at work.
Regarding the effect of consonants on vowels, Figure 3 also shows that F2 frequency changes associated with the consonant have a relatively restricted temporal span in the sequence /ili/ (i.e., F2 lowering starts at about V1 midpoint and F2 raising ends at V2 midpoint) and extend over a longer period of time in the sequence /aɲa/ (i.e., F2 rising starts at V1 onset and F2 lowering ends at V2 offset). Moreover, regarding the latter VCV sequence, the F2 lowering trajectory during V2 = /a/ often proceeds more slowly than the F2 rising trajectory during V1 = /a/, which results in higher F2 frequency values at comparable temporal points during V2 versus V1 and thus more prominent C-to-V carryover than anticipatory effects (compare, e.g., the F2 frequency value at V2 midpoint with that at V1 midpoint in the sequence /aɲa/ for all speakers).
Differences in the temporal extent of vowel coarticulation among VCV sequences with /δ/, /ɲ/, and /l/ are consistent with the scenario at the midpoint of the consonant just described. As revealed by the statistical results for the main consonant effect presented in Table 3 (left column), differences in vowel coarticulation among the three intervocalic consonants were found to occur at consonant midpoint (Temporal Comparison 2) and extended until the midpoint of the fixed transconsonantal vowel (Temporal Comparison 5) or even further. Moreover, the F2 difference between changing /i/ and /a/ over the time domain turned out to be greater when the intervocalic consonant was /δ/ than when it was /l/ or /ɲ/ and generally for the lateral than for the nasal. This consonantspecific behavior may be inferred from the height of the bars in Figures 4-6 displaying the size of the vowel effects in VCV sequences with each of the three consonants at all temporal points.
As for differences in coarticulatory resistance between the two fixed vowels, Table 3 (middle and right columns) also reports a main fixed vowel effect and a significant Consonant × Fixed Vowel interaction lasting until about the vowel midpoint (Temporal Comparison 5). As revealed by Figures 4-6, this finding is related to the existence of more vowel coarticulation during fixed /a/ in VCV sequences with /δ/ and /ɲ/ and the reverse (i.e., more coarticulation during fixed /i/ than during fixed /a/) in VCV sequences with /l/. Indeed, for the temporal comparisons yielding a significant effect, bars are higher for the fixed /a/ condition than for the fixed /i/ condition in VCV sequences with /δ/ (see Figure 4) and to a lesser extent in VCV sequences with /ɲ/ as well (see Figure 5 ) and for fixed /i/ than for fixed /a/ in VCV sequences with /l/ (see Figure 6 ). These results are only in partial agreement with the initial hypothesis that /a/ should be more sensitive to coarticulation effects than /i/ and are interpreted in terms of gestural affinity and antagonism for consonants and vowels in the Discussion section.
Coarticulatory Direction
As shown in Table 4 , differences in coarticulatory direction-that is, whether a higher F2 for changing /i/ versus /a/ extends more toward the right (carryover) or toward the left (anticipatory)-may also reach significance during the consonant and the transconsonantal vowel. In particular, Consonant and Fixed Vowel interact significantly with As shown in Figure 4 , vowel effects in VCV sequences with /δ/ are generally larger at the carryover level in the fixed /a/ context (effects from /i/ on /δ/ and on fixed /a/) and favor no specific direction in the fixed /i/ condition (effects from /a/ on /δ/ and on fixed /i/). Indeed, the four right bars in each graph are higher than the four left bars for most temporal comparisons when the fixed vowel is /a/, whereas there is no clear prevalence of the four right bars over the four left bars or vice versa in the fixed /i/ context. As shown by the F2 trajectories for /iδa/ and /aδi/ for a representative group of speakers in Figure 7 , the presence of more carryover than anticipatory effects from /i/ is consistent with F2 being located at a higher frequency at C offset in the sequence /iδa/ than at C onset in the sequence /aδi/, and also during the first portion of V2 in the former sequence than during the last portion of V1 in the latter, for all three speakers. There may be two (perhaps concomitant) reasons for this finding: The mechanico-inertial constraints involved in the tongue raising and fronting gesture for the high front vowel may explain why effects from /i/ favor the carryover direction, and V1 = /a/ may cause the tongue dorsum to stay relatively low during /δ/, thus blocking to a greater or lesser extent the tongue-dorsum raising and fronting anticipatory effects exerted by V2 = /i/.
As revealed by the graphs in Figure 5 , F2 differences between changing /i/ and /a/ are greater at the carryover than the anticipatory level in VCV sequences with /ɲ/ and the two fixed vowels /i/ and /a/ mostly in Temporal Comparisons 1, 2, and 3. The vowel carryover effects also exceeded the vowel anticipatory effects in Comparisons 4-7 during fixed /i/, though this directionality difference appears to be associated with speaker AL only, presumably because he overshot the vowel (/i/) when it was preceded by another segment involving much dorsopalatal contact (/ɲ/). Inspection of the F2 trajectories for the two asymmetrical VCV sequences /iɲa/ and /aɲi/ plotted in Figure 8 may shed some light on why effects from /a/ on the consonant and fixed /i/ are greater at the carryover versus the anticipatory level. Analogous to the scenario for /δ/, data for all speakers indicate the presence of a much higher F2 frequency at C offset and during the first half of V2 = /a/ in the sequence /iɲa/ than at C onset and during the second half of V1 = /a/ Figure 4 . Cross-speaker F2 differences for changing /i/ versus /a/ at seven temporal points in /VδV/ sequences with fixed /i/ (top) and fixed /a / (bottom). In each graph, the four left bars correspond to the V2 anticipatory effects (Ant) and the four right ones to the V1 carryover effects (Carr). Within each bundle of four bars, four stress/rate conditions may be identified: STn (stressed changing vowel, normal speech rate), USTn (unstressed, normal), STf (stressed, fast), and USTf (unstressed, fast). V1 = first vowel position; V2 = second vowel position. Note. df = degrees of freedom; V1 = first vowel position; V2 = second vowel position; C = consonant. *p < .05. **p < .01. ***p < .001.
in the sequence /aɲi/, which follows from the presence of more tongue-dorsum raising toward the palate at closure offset than at closure onset. This may explain why tonguebody lowering effects exerted by /a/ are blocked at the offset of the consonant rather than at its onset and, consequently, why carryover effects from V1 = /a/ are larger than anticipatory effects from V2 = /a/. Patterns of coarticulatory direction for sequences with /l/ are to a large extent determined by whether the consonant is darker or clearer. Speakers AL and DP, with strongly dark variants of the consonant, favored vowel anticipation in the fixed /i/ condition up to temporal comparison 4 (see Figure 9 , top graphs) and in the fixed /a/ context mostly for Comparisons 1 and 2 (see Figure 9 , bottom graphs). Coarticulation data across speakers presented in Figure 6 also reveal the prevalence of vowel anticipation for Comparisons 2-4 in the context of /i/ and for Comparisons 1 and 2-but not at temporal points situated further away from the changing vowel-in the context of /a/. F2 trajectories for the sequences /ila/ and /ali/ produced by speakers AL and DP allow a determination in some detail of why effects from /i/ on dark /l/ and fixed /a/ are greater at the anticipatory versus the carryover level (see Figure 10 ). According to the figure, the two speakers show a lower F2 for /ila/ than for /ali/ at C midpoint and at equivalent temporal points during the vowels-for example, at C onset and during V1 for /ila/ compared with at C offset and during V2 for /ali/. This finding should be attributed to a considerable blocking of the carryover effects from V1 = /i/ by the tongue lowering/backing anticipatory activity for dark /l/; this becomes especially salient whenever the consonant is followed by a low vowel because both dark /l/ and /a/ share an analogous low/back tongue-dorsum configuration. Speakers CE and LU, with clearer variants of /l/, as well as speaker DR, favor no major pattern of vowel coarticulatory direction, perhaps because, at least for the former subjects, anticipatory effects for the consonant counteract the carryover action of V1 = /i/ to some extent, though less so than when the alveolar lateral is dark.
Stress and Speech Rate
Sentence duration was affected significantly by Speech Rate, F(1, 114) = 185.29, p < .001, η p 2 = .67. As shown in Figure 5 . Cross-speaker F2 differences for changing /i/ versus /a/ at seven temporal points in /VɲV/ sequences with fixed /i/ (top) and fixed /a/ (bottom). See Figure 4 caption for details. Figure 6 . Cross-speaker F2 differences for changing /i/ versus /a/ at seven temporal points in /VlV/ sequences with fixed /i/ (top) and fixed /a/ (bottom). See Figure 4 caption for details.
Recasens: Effect of Stress and Rate on Coarticulation 1417 Figure 11 (top), sentences were shorter when produced at fast versus normal speech rates, and shortening degree was speaker dependent-that is, maximal for speakers LU and DR and minimal for speaker DP.
Vowel duration yielded a main effect of Stress, F(1, 221) = 94.75, p < .001, η p 2 = .30; Speech Rate, F(1, 221) = 21.25, p < .001, η p 2 = .09; and Vowel Quality, F(1, 221) = 24.49, p < .001, η p 2 = .10, but not of Vowel Position, and Note. df = degrees of freedom; V1 = first vowel position; V2 = second vowel position; C = consonant. *p < .05. **p < .01. ***p < .001. no significant interactions. It was greater for /a/ than for /i/ and, as shown by Figure 11 (bottom graph), it varied with stress and speech rate in the progression stressed/normal > stressed/fast > unstressed/normal > unstressed/fast for most speakers and therefore as a function of changes in stress position rather than of changes in speech rate. The vowel F2 frequency also varied significantly as a function of Stress, F(1, 221) = 4.06, p < .05, η p 2 = .02; Vowel Position, F(1, 221) = 21.91, p < .001, η p 2 = .09; and Vowel Quality, F(1, 221) = 2,696.38, p < .001, η p 2 = .92, but not Speech Rate. As shown by the F2 trajectories for /iCi/ and /aCa/ displayed in Figure 3 , F2 was slightly higher for stressed vowels than for unstressed ones for essentially all speakers (in the figure, continuous lines correspond to the stressed V1 condition and discontinuous lines to the stressed V2 condition). F2 frequencies were also higher for vowels placed in the V2 versus the V1 position and for /i/ versus /a/. Moreover, vowel duration and F2 frequency turned out to be moderately correlated across Stress, Speech Rate, Consonant, and Vowel Position and speaker conditions-that is, F2 increased with vowel duration mostly for /i/, r = .420, p < .001, but also for /a/, r = .252, p < .01.
As shown in Table 5 , Stress also had an effect on the degree of vowel coarticulation according to Temporal Comparisons 4-7, whereas the effect of Speech Rate was barely significant and held for Temporal Comparison 4, for the most part. Figures 4-6 illustrate graphically the stress-and rate-dependent differences in vowel coarticulation occurring during VCV sequences composed of /δ/, /ɲ/, and /l/ and fixed /i/ and /a/. Regarding stress, the size of the vowel coarticulation effects appears in dark bars for triggering stressed vowels and in gray bars for triggering unstressed vowels. For VCV sequences with all three consonants, results for Temporal Comparisons 4-7 reveal a trend for the degree of coarticulation to increase when the triggering vowel is stressed (and thus the target vowel is unstressed) than when the triggering vowel is unstressed (and the target vowel is stressed). A relevant finding is that the effect of Stress on vowel coarticulation operates during the transconsonantal vowel but not for Comparison 2 and thus during the consonant (see also the Discussion). A relevant finding was the lack of significant Stress × Consonant, Speech Rate × Consonant, Stress × Coarticulatory Direction, and Speech Rate × Coarticulatory Direction interactions (Speech Rate and Stress did not interact with each other either). Therefore, an increase in coarticulation associated with the presence of a stressed versus unstressed changing vowel and an increase in speech rate appears to take place independent of the intervocalic consonant and coarticulatory direction-namely, of whether the consonant is /δ/, /ɲ/, or /l/ and whether vowel effects are mostly carryover or anticipatory, depending on the segmental composition of the VCV sequence. Indeed, data presented in Figures 4-6 show a similar increase in coarticulation as a function of stressed versus unstressed vowels in the anticipatory and carryover directions for VCV sequences with all three consonants. Consistent with this finding, F2 trajectories for the asymmetrical sequences /aCi/ and /iCa/ such as those plotted in Figures 7, 8 , and 10 exhibit essentially the same temporal patterns independent of whether they are produced in the stressed/normal, unstressed/normal, stressed/fast, or unstressed/fast conditions. 
Discussion
The first hypothesis tested in the present study was whether coarticulatory resistance varied with the degree of lingual constraint involved in the production of the intervocalic consonant and the transconsonantal vowel (Recasens et al., 1997) . VCV coarticulation data reported in the Results turned out to be in general agreement with this prediction regarding consonants: Vowel coarticulatory effects from /i/ versus /a/ were greater for /δ/ than for /l/ and /ɲ/, and these consonant-dependent differences in vowel coarticulation extended essentially until about the midpoint of the fixed vowel. Moreover, the alveolopalatal nasal turned out to be somewhat more resistant than the alveolar lateral during the consonant and the fixed vowel. Coarticulatory resistance for /l/ was related to speakerdependent differences in darkness degree to a large extent: As expected, /l/ was highly coarticulation resistant for the three speakers showing a dark consonantal variety; among subjects showing a clearer variety of the consonant, coarticulatory resistance was relatively high for one speaker and as low as for dark /l/ in the case of the other subject.
Also as predicted, vowel effects in VCV sequences with /δ/ and /ɲ/ were greater when the fixed vowel was less constrained (/a/) than when it was more constrained (/i/). It thus appears that there is more room for /δ/ and /ɲ/ to adapt to coarticulatory effects when flanked by a vocalic segment that does not cause the tongue-body requirements Note. df = degrees of freedom; V1 = first vowel position; V2 = second vowel position; C = consonant. *p < .05. **p < .01. ***p < .001.
Recasens: Effect of Stress and Rate on Coarticulation 1421
for the consonant to increase considerably. Vowel effects in sequences with /l/ were, however, greater in the fixed /i/ versus the fixed /a/ condition-that is, there was more anticipatory F2 lowering induced by V2 = /a/ on the consonant and preceding fixed /i/ than anticipatory F2 raising exerted by V2 = /i/ on the consonant and preceding fixed /a/. This finding may be related to the joint tongue-dorsum lowering and retraction action of dark /l/ and following /a/ during preceding /i/. As shown earlier in the literature, V-to-V effects in VCV sequences decrease as one gets away from the vowel that exerts the coarticulatory effect. Moreover, as also reported in some studies (Fowler & Brancazio, 2000; Recasens, 2002) , vowel effects may occur during the transconsonantal vowel but not during the intervocalic consonant, mostly when, as for alveolopalatal consonants, a large portion of the tongue is involved in making a closure and thus is left not too free to adapt to the contextual phonetic segments. Several predictions on coarticulatory direction were also confirmed by the data:
Sequences with /ɲ/ showed more carryover than anticipatory vowel coarticulation (triggered essentially by low back /a/), which should be related to the articulatory configuration for the alveolopalatal nasal being more /j/-like at closure release than at closure onset. The coarticulation data for VCV sequences with the alveolopalatal nasal also provided evidence for articulatory overshoot in the case of the sequence /iɲi/ produced by speaker AL, who exhibited the highest F2 frequency trajectory of all subjects; the overshoot effect in question appears to result from tongue-dorsum raising and fronting for both V1 = /i/ and following /ɲ/, causing dorsopalatal contact and F2 during V2 = /i/ to increase above the expected threshold.
2.
Dark /l/ favored vowel anticipation over vowel carryover. This finding was attributed to the fact that the tongue-dorsum lowering and retraction movement for this consonantal variety is anticipatory rather than carryover and therefore allows coarticulatory effects from V2 = /i/ rather than from V1 = /i/ to take place. Following /a/ appears to assist the anticipatory tongue-dorsum lowering and backing motion for the consonant to become especially prominent during preceding /i/. However, VCV sequences with a clearer variety of /l/ did not show consistent patterns of vowel coarticulatory direction: Unlike sequences with dark /l/, they did not favor vowel anticipation, which appears to be in line with the fact that clear /l/ does not involve much anticipatory tongue-dorsum lowering and backing; unlike sequences with /δ/ (see the next point), they did not favor vowel carryover effects from V1 = /i/ either, presumably because some anticipatory predorsum lowering associated with laterality conflicts with the vowel effects in question.
3.
Vowel coarticulatory effects in sequences with /δ/ favored the carryover direction in the fixed /a/ context and no specific direction in the fixed /i/ context. This finding appears to be related primarily to the tonguedorsum raising/fronting carryover effects exerted by V1 = /i/ on consonants such as /δ/ not involving active tongue-dorsum activity. This vowel carryover action may be assisted by V1 = /a/ causing the tongue dorsum to occupy a relatively low position during /δ/ and some delay of the anticipatory tongue fronting/raising motion for V2 = /i/ during the consonant.
A main goal of this investigation was to study the effect of changes in stress and speech rate on vowel coarticulation in VCV sequences. Changes in stress turned out to affect vowel duration and F2 frequency to a larger extent than speech-rate variations: Vowels were longer and less centralized when stressed versus unstressed for essentially all speakers, and an increase in speech rate did not induce the same degree of vowel shortening in all subjects and yielded small or no F2 changes. Vowel coarticulation was also greater and extended over a longer temporal period when induced by stressed versus unstressed vowels rather than by an increase in speech rate. These Catalan data are in agreement with data for other languages showing that vowels produced with different stress levels and at different speech rates may be hypoarticulated or hyperarticulated (de Jong, Beckman, & Edwards, 1993) .
The initial prediction that stress and rate effects could be more prominent in VCV sequences with less constrained consonants than in those with more constrained consonants did not hold. Thus, although constrained consonants turned out to be more resistant than unconstrained ones to vowel effects in tongue-dorsum raising/lowering, this difference in vowel coarticulatory resistance applied largely independent of whether the changing vowel was stressed or unstressed and sentences were produced faster or more slowly.
Another relevant finding is that stress and speech rate did not interact with consonant-specific patterns of vowel coarticulatory direction and therefore affected the two coarticulatory directions alike-that is, changes in vowel coarticulation over time for specific VCV sequences occurred more or less equally in the anticipatory and carryover directions rather than in the direction that was mostly favored by the consonantal articulatory gesture. Thus, for example, the prevalence of vowel carryover over vowel anticipation in /VɲV/ sequences did not become more evident when stress fell on V1 than when it fell on V2 and therefore in /′VɲV/ versus /V′ɲV/ sequences; instead, stress caused a similar increase in vowel coarticulation in the target unstressed vowel in both /′VɲV/ and /V′ɲV/ structures and therefore at both anticipatory and carryover levels.
To summarize, changes in vowel coarticulation associated with stress and speaking rate were found not to alter the patterns of degree and direction of vowel coarticulation in VCV sequences composed of phonetic segments specified for different degrees of articulatory constraint. This finding allows the conclusion that the contribution of segmental and prosodic factors to VCV coarticulation is organized hierarchically: Coarticulatory changes induced by prosodic variations conform to segment-dependent patterns of coarticulatory degree and direction. It also implies that coarticulatory fields for specific phonetic segments may be resized depending on prosodic condition.
The VCV coarticulation data reported in the Results also support the view that prosodic variations affect vowels rather than consonants. Indeed, stress-dependent vowel effects were found to occur during the transconsonantal vowel rather than during the consonant-that is, for Temporal Comparisons 4-7 rather than for Comparison 2 in Figures 4-6 . This finding is consistent with data from the literature showing that vowel articulation is affected to a larger extent than consonant articulation by an increase in speech rate and by a shift from more formal to spontaneous speech styles (see van Son & Pols, 1999) and also with the notion that consonants but not vowels require the formation of invariant articulatory constrictions.
Future work needs to be carried out in order to explore the extent to which the patterns of coarticulation reported in this study hold for more speakers, for real words with the same segmental and stress patterns, and for other languages besides Catalan. The perceptual effectiveness of these coarticulatory patterns should also be tested with real speech stimuli excised from VCV sequences.
